Abstract Veterinary antibiotics (VAs) are emerging contaminants and enter into soil principally by agricultural application of organic fertilizer. A total of 33 solid animal manures and 17 compost samples from protected vegetable farms in nine areas of China were analyzed for the antibiotic classes of tetracyclines, fluoroquinolones, sulfonamides, and macrolides (17 substances in total). Oxytetracycline was found as a dominant compound in the samples, and its highest concentration reached 416.8 mg kg −1 in a chicken manure sample from Shouguang, Shandong Province. Among the samples, animal manures (especially pig manure) contained higher VA residues than composts. However, fluoroquinolones exhibited higher persistence in the compost samples than other antibiotic classes. This is particularly the case in the rice husk compost, which contained the highest level of ofloxacin and ciprofloxacin (1334.5 and 1717.4 μg kg −1 on average, respectively). The veterinary antibiotic profile in the risk husk compost had a good relationship with that in the corresponding manures. The refined commercial compost had the lowest VA residues among the compost samples in general. This implied that composting process might be important to reduce the antibiotic residue. High residue of antibiotics in soil was assumed to be a hazard to ecosystem. This is especially noticeable under current application rates (150 t ha
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Introduction
Veterinary antibiotics are used worldwide in livestock and poultry farming to control diseases and promote growth. In the USA, approximately 70 % of the total of 16 million kilograms of antibiotics was estimated to be used in livestock farming annually (Kemper 2008) . In the European Union, a total of 1.5 million kilograms of antibiotics has been used as feed additives for growth promotion, accounting for 30 % of the total usage of the antibiotics before the banning of antibiotic usage in animal feeds (Castanon 2007; Sarmah et al. 2006) . In China, the use of antibiotics in animal feeds has been regulated since 1989 but many antibiotics are used uncontrolled as feed additives (Jin 1997) . The average usage of veterinary antibiotics (VAs) has reached approximately 6000 tons annually and most of this use occurs in the economically developed regions (Zhao et al. 2010) . Zhang et al. (2003) have investigated 30 chicken farms in Northeast China and found that the percentage using oxytetracycline and ciprofloxacin in chicken feeds reached 100 and 80 %, respectively. However, many antibiotics are poorly absorbed in the gut of the animals, resulting in as much as 30-90 % of the parent compound being excreted via the urine and feces (Sarmah et al. 2006 ). Thus, a substantial proportion of the antibiotics administered may be released into environment through wastewater discharge or agricultural application of manures.
Application of organic fertilizers to protected vegetable crops is very common in China, and the application rates are much higher than in cereal production or open field vegetable cropping. It has been estimated that 150 t ha −1 of organic fertilizers is applied annually to protected vegetables, ten times the rate of application to open field agricultural crops (Qin et al. 2002) . By the end of 2010, the total cropping area of protected vegetables in China had reached 466.7 ha, double the area in 2004 (Yu 2011) . This widespread and intensive application of organic fertilizers has been a major pathway for the input of veterinary antibiotics into agricultural soils. Residues of antibiotics have been detected widely in the soils of vegetable land (Hu et al. 2010; Kumar et al. 2005; Li et al. 2011) . Some studies have indicated that antibiotics can be taken up by vegetables from soils amended with animal manures and the concentrations of antibiotics in plant tissues increase with amounts of antibiotics in the manures (Hu et al. 2010; Kumar et al. 2005) . This may pose a potential human health risk associated with the vegetable consumption. The spread of antibiotic-resistant genes in the environment is assumed to create an even more important risk to human health (Martinez 2008; Pruden et al. 2013; Zhu et al. 2013) . Correlations have been found between antibiotic use and the abundance of sulfonamide and tetracycline antibiotic-resistant genes (ARGs) in pig farms and cattle waste lagoons in China ) and the USA (McKinney et al. 2010) , suggesting a relationship between antibiotic use and environmental reservoirs of drug resistance.
Animal manures are a major component of organic fertilizers, and identification of veterinary antibiotics in the manures may be useful in understanding the contribution of organic fertilizer application to antibiotic and resistance genes in areas with intensive protected vegetable production. Several studies have therefore been conducted on the monitoring of veterinary antibiotic residues in samples of animal feces (Chen et al. 2012; Li et al. 2013b; Pan et al. 2011; Zhao et al. 2010) . However, organic fertilizers are applied mainly in the form of composts other than the fresh animal manure. Thus, some degradation of antibiotics is likely to occur during the composting, especially during the exothermic stage (Kim et al. 2012) . Meanwhile, abiotic reaction with reduced sulfur species could remove the antibiotics from the fresh manures during composting (Zeng et al. 2011 (Zeng et al. , 2012 . The objectives of the present study were therefore to identify veterinary antibiotic residues in animal manures and different types of compost and to evaluate the ecological risks associated with the application of organic fertilizers in the protected vegetable farming based on the observed concentrations of antibiotics.
Materials and methods

Chemicals and standards
A total of 17 antibiotics were selected as target compounds comprising tetracycline (TC), oxytetracycline (OTC), chlortetracycline (CTC), doxycycline (DOC), sulfadiazine (SDZ), sulfamethoxazole (SMX), sulfamethazine (SMZ), sulfamonomethoxine (SMM), sulfachinoxalin (SCX), sulfadimethoxine (SDM), sulfameter (SM), sulfaclozine (SCZ), norfloxacin (NFC), ofloxacin (OFC), ciprofloxacin (CFC), enrofloxacin (EFC), and roxithromycin (RTM). The deuterated antibiotics, tetracycline-D6, enrofloxacin-D5, sulfamethazine-D4, and sulfadimethoxine-D6, were selected as internal standards. Another two deuterated antibiotics, ciprofloxacin-D8 and sulfamethoxazole-D4, and demeclocycline were selected as surrogate standards. All the standards were purchased from Dr. Ehrenstorfer GmbH, Germany, except for tetracycline-D6 which was obtained from Ethylenediaminetetraacetic acid-sodium perborate (EDTA-SPB) (pH 4) was obtained by dissolving 80.0 g of Na 2 EDTA in 1 L SPB. Ultrapure water was produced by using a Milli-Q apparatus (Millipore, Bedford, MA).
Sample collection
A total of 50 samples consisting of 33 solid animal manures and 17 composts were collected from the protected vegetable farms situated at nine areas in eight provinces of China (Fig. S1 ). This type of farm grows vegetables under protective structures (usually plastic house would be used) to shield them from pests and bad weather. The farm also has a high frequency of vegetable rotation even in the low-temperature areas. In order to decrease the influence of manure aging on the antibiotic residue, all the samples were collected from the latest produced batches during the sampling period. Mixed sample was collected and combined from the different stock tanks in a single farm and compost type. The manure samples cover four animal species comprising chickens, ducks, pigs, and cattle, and the three types of compost samples were collected based on their composting process and organic materials. Some refined commercial compost (CC) samples were collected as a representative of well-manufactured composts. The compost was manufactured by mixing manures, organic materials, and fermentative microorganisms and processed with fermentation and pelleting. The fermentation was well controlled under the condition of the appropriate temperature (65-70°C) and moisture (60-65 %). After the fermentation, the decomposed organic materials were then put into a pelleting machine for granulation followed by cryodrying and sieving. The other two kinds of composts comprising rice husk (RHC) and soybean meal (SMC) were collected as a representative of unsophisticated farm composts. These two composts were processed with fermentation simply at an open field by stacking of animal manures and organic materials (rice husk, soybean meal, etc.). Usually, the temperature and moisture were not controlled strictly. After the fermentation, the compost would be applied to the vegetable field directly.
Each sample was placed in a plastic container, chilled immediately to near freezing, transported to the laboratory, and stored at −20°C in the dark. Before extraction, the samples were freeze-dried in a freeze drying system (Labconco, Kansas City, MO) and homogenized by sieving through a 0.15-mm mesh.
Sample preparation and analysis Sample preparation and detection were based on our previously developed methods (Huang et al. 2013) . Briefly, 0.2-g aliquots of fertilizer samples were weighed into 50-mL polytetrafluoroethene (PTFE) centrifuge tubes and spiked with the surrogate standards and internal standards (100.0 μg kg
−1
). Then, 20 mL of extraction solvent consisting of EDTA-SPB with acetonitrile/Mg(NO 3 ) 2 -NH 3 •H 2 O at 3:1 (v/v) was added to each tube and placed in the dark overnight. The sample was extracted by ultra-sonication for 15 min, and the collected extracts were purified and concentrated through an oasis hydrophilic-lipophilic balance (HLB) cartridge. Methanol (10 mL, containing 0.1 % formic acid) was applied to elute the target compounds.
Concentrations of the target antibiotics were determined with an LC-MS/MS system consisting of a Shimadzu LC-20AD and triple quadrupole mass spectrometer (API 3200, AB Sciex, Framingham, MA). Separations were performed on a Kromasil C18 column, 5 μm, 250×4.6 mm (AkzoNobel, Sweden) at a constant temperature of 35°C. Gradient elution was carried out with water containing 0.1 % formic acid (mobile phase A) and methanol (mobile phase B). The program was as follows: 0-1 min, 15 % B; 1-2 min, 15-30 % B; 2-5 min, 30-40 % B; 5-10 min, 40-50 % B; 10-14 min, 50-70 % B; 14-16 min, 70-100 % B; and 100 % B held for 4 min. The total flow rate was 0.5 mL min −1 and the sample injection volume was 10 μL. The mass spectrometer was set up in positive electrospray ionization (ESI+) mode. Nitrogen gas was used as the drying and collision gas; the electrospray settings were optimized by infusion of separate standard solutions of 1.0 mg L −1 into the ESI+ source at a flow rate of
. Details of the optimized MS operating parameters of the antibiotics are described by Huang et al. (2013) . Quantification was performed by internal standard calibration.
Method validation
The recoveries were investigated by adding standard mixture into a relatively clean sample which has been exposed under UV light to remove possible antibiotics before being used. The samples were divided into two equal aliquots (subsamples A and B). Subsample A was spiked with the standard mixture and subsample B (nonspiked) was used to determine the background concentrations of the analytes, and the recovery was calculated as described in Eq. (1):
where C a and C b are the measured concentrations of the analyte in subsamples A and B, respectively, and C spiked is the spiked concentration of the analyte. Here, the spiked concentrations were 50.0, 100.0, and 300.0 μg kg −1 with three replicates (n=3) for each. The recoveries of all the target antibiotics in the fertilizer are shown in Table S1 and ranged from 68.8 to 136.0 % on average. Table S1 also indicates the limit of detection (LOD), limit of quantification (LOQ), and method detection limit (MDL). LOD and LOQ were calculated with signal to noise ratios of 3 and 10 (IUPAC criterion) which ranged from 0.09 to 3.16 μg L −1 and 0.49 to 10.5 μg L −1
, respectively. Determination of MDL was based on the US Environmental Protection Agency (USEPA) method using the variability of seven replicate samples spiked with the native standard mixtures at a level of five times the estimated MDL (USEPA 1999). In order to ensure high quality of the extraction procedure, each sample was spiked with three surrogates (demeclocycline, ciprofloxacin-D8, and sulfamethoxazole-D4) and aged overnight before extraction.
Risk quotient calculation
The ecological risk of antibiotics for land application was assessed by risk quotient (RQ) (VICH 2004; Li et al. 2013b ). The RQ was calculated by Eq. (2):
where PEC (μg kg
) is the predicted environmental concentration based on Eq. (3) and PNEC (μg kg −1 ) is the predicted no-effect concentration calculated by Eq. (4):
In Eq. (3), C (μg kg
) is the concentration of antibiotics, m
) is the amount of the fertilizer applied annually and set as 150 t ha −1 (fresh matter weight) based on the data of Qin et al. (2002) , and w is the water content (%) of manures and composts-the water content of chicken, duck, pig, and cattle manures is 38.5, 43.1, 38.8, and 33.3 % on average, respectively; as for the compost, the water content of commercial compost, rice husk compost, and soybean meal compost is 15.6, 31.6, and 16.4 % on average, respectively; ρ (kg m −3
) is the soil density and set as 1250 based on the average measured value; depth (m) is the soil depth of antibiotics that may be penetrated after fertilizer application and set as 0.2 m; and 10 is a conversion factor. In Eq (4), TOX (μg kg
) is the toxicity of antibiotics to soil microorganisms and can be substituted with the lowest median effective dose (ED 50 ). The ED 50 for veterinary antibiotics in soil was sourced from the literature (Jin et al. 2009; Li et al. 2013a; Ma et al. 2013 (Jin et al. 2009; Li et al. 2013a; Ma et al. 2013 
Results and discussion
Veterinary antibiotic residues in animal manures
Multiple classes of the veterinary antibiotics (VAs) were detected simultaneously in most of the manures (Table 1) . Oxytetracycline, a dominant VA in manures, was detected at the highest concentration of 416.8 mg kg −1 in chicken manure, more than twice the highest concentration reported in China so far (Hu et al. 2010) . The geometric mean value of the OTC is 715.3, 382.9, 1100.5, and 532.8 μg kg −1 in the chicken, duck, pig, and cattle manures, respectively. In addition, the tetracycline (TC) class was found at relatively high concentrations in the manure samples, and its wide occurrence and high residue levels in the animal manures are a cause for concern. In particular, in the pig manure, the concentrations of TC, CTC, and DOC are significantly (p<0.05) higher than those in other types of manures. Among the four fluoroquinolones The residual levels and species of the antibiotics in manures also showed differences among the animal manure types. The antibiotics in the livestock manures were dominated by TCs, mainly OTC and CTC. The antibiotics in the poultry manures were dominated by TCs and FQs, and the residual levels of FQs were even higher than those in the livestock manures. This suggests that antibiotic usage might be different in animal feeding processing between poultry and livestock, and in addition, the metabolic characteristics of the animals may have some impacts on the antibiotic residues in the manures (Martinez-Carballo et al. 2007; Zhao et al. 2010) .
Veterinary antibiotic residues in composts
Substantial quantities of antibiotics were also detected in the compost samples (Table 2 ). In contrast to the predominant antibiotics of tetracyclines in manure samples, the fluoroquinolones are prominent in the composts. In particular, for the rice husk compost (RHC), it contains the highest level of OFC and CFC among the samples (1334.5 and 1717 μg kg −1 on average, respectively). The levels are also significantly (p<0.01) higher than those in other composts (Table 2 ). This might be related to higher persistence of FQs than TCs and SAs during composting. Selvam et al. (2012) have reported that approximately 17-31 % of spiked CFC remained in contrast to complete removal of CTC and SDZ from the composting mass within the period of composting. In the case of the TCs, the residual level is generally lower than that in the manure samples, however not significantly (p<0.05) different among the three types of composts. This implied that TCs might be degraded substantially during the composting process (Kim et al. 2012; Selvam et al. 2012; Wu et al. 2011) . Abiotic transformation of the antibiotics might contribute a great to the degradation during composting. Research has demonstrated that high-organic soils/sediments tend to produce elevated levels of reduced sulfur compounds (e.g., bisulfide and polysulfides) and iron(II) species, which typically possess strong reducing capacity that may degrade veterinary antibiotics faster than microorganisms (Zeng et al. 2011 (Zeng et al. , 2012 Mohatt et al. 2011 ). Similar to the manures, the SAs concentrations in the composts are lower than other TCs and FQs generally; however, SDZ in the soybean meal compost (SMC) and SCX in the rice husk compost (RHC) are prominent due to their significant higher level in the two composts. The highest residual level of SDZ in the soybean meal compost (SMC) is 10,400 μg kg −1 (Table 2) , which is much higher than that in the manure, and the reason needs to be investigated further.
The selected composts were made of different raw materials (including manures and organic materials) and by different composting processes. Antibiotic residues in the commercial compost (CC) were generally lower than those in the other four composts ( Table 2 ). The CC was subjected to the processes of decomposition, dehydration, and sterilization, but the other two composts were subjected mainly to a decomposition process with addition of organic materials (rice husk, soybean meal, etc.) (Liu et al. 2005) . Therefore, the antibiotic residues were assumed to be impacted by the different composting processes based on our preliminary investigation; however, it was necessary to be verified by further experiments. In addition, manure sources of the compost might have an impact on the antibiotic residue in the compost. Figure 1 shows the different antibiotic residues between chicken-RHC and cattle-RHC which are produced with chicken manure and cattle manure, respectively. The antibiotics in chicken-RHC are characterized by higher FQs and lower TCs compared with those in cattle-RHC, in accordance with the different characteristics of antibiotic residue between the chicken manure and cattle manure. This implies that antibiotic residual characteristics in the compost can probably be traced back to the residue in the manures for the compost producing ).
Effect of sampling region on residual levels
Comparisons of antibiotic residues among the different regions were evaluated for poultry manure and commercial compost separately by using concentrations of each class of antibiotic. To facilitate the statistical analysis, areas with sample numbers ≥3 were selected.
As shown in Fig. 2 , regional differences in antibiotic residues are evident for both poultry manure and commercial compost. In the manure samples, TC concentration exhibited a significant (p<0.05) difference among the three sampling areas. The highest average concentration could be found in the poultry manure of Shouguang, Shandong Province. The SAs and FQs are shown to have no statistical difference among the three sampling areas. In the compost samples, SA (Pan et al. 2011; Zhao et al. 2010) . Meanwhile, large-scale livestock and poultry production units were established in these areas earlier than in other regions (Liu et al. 2002; Zhang et al. 2007 ), which provided majority of the manures and composts for the vegetable farming. Li et al. (2013b) have observed based on statistical analysis that large-scale concentrated animal feeding operations (CAFO) tended to use a wider range and higher dosages of veterinary antibiotics compared to the small-scale CAFO, resulting in higher contamination of feces with antibiotics.
Potential risk assessment for land application
Inhibition of microorganisms in relation to iron(III) reduction by tetracycline and sulfadiazine has been found in soils, and the ED 50 (dosage at a 50 % of inhibition) ranged from 2.7 to 231.1 mg kg −1 and from 5.3 to 182.7 mg kg . A few studies have tested the toxic effects of ciprofloxacin on seed germination and root elongation of Chinese cabbage (Brassica chinensis L.), radish (Raphanus Sativus L.), and maize (Zea mays L.). The ED 50 of these test species ranged from 1.48 to 11.23 mg kg −1 (Jin et al. 2009; Li et al. 2013a; Ma et al. 2013 ). Therefore, risk quotient (RQ) was applied to evaluate the potential ecological risks associated with the agricultural application of the organic fertilizers in protected vegetable land. The value of RQ >1 was supposed to be incidence of the potential risks, and further assessment needs to be done (VICH 2004) . More than half the collected organic fertilizers might pose a potential ecological risk due to the presence of at least one compound after land application under current loading rates (150 t ha −1 a −1 , fresh weight). A higher risk was shown in animal manures than in composts, corresponding to the antibiotic residue levels (Fig. 3) . As for the animal manures, the potential risks are prominent due to OTC, TC, and CFC individually or in combination in manures of the four animal species (chickens, ducks, pigs, and cattle). The risk from CTC occurs mainly in pig manures due to their elevated CTC residues. A few chicken and pig manures also show risk from SDZ. As for the composts, CFC has a higher risk than other compounds and occurs in the three types of composts. The risk in relation to the combination of tetracyclines and fluoroquinolones deserves attention in the commercial composts because they might have a synergistic inhibitory effect on soil organisms (Migliore Fig. 2 Box plots indicating the regional differences of the antibiotic residues in the animal manures and the composts. TCs tetracyclines, summarized by tetracycline, oxytetracycline, chlortetracycline and doxycycline; SAs sulfonamides, summarized by sulfadiazine, sulfamethoxazole, sulfamethazine, sulfamonomethoxine, sulfachinoxalin, sulfadimethoxine, sulfameter, and sulfaclozine; FQs fluoroquinolones, summarized by norfloxacin, ofloxacin, ciprofloxacin, and enrofloxacin. a and b denote the significance level of 0.05. *20 and°20 indicated the outlier of the dataset et al. 1997). Besides CFC, the risk of SDZ is a concern when applying soybean meal compost in the vegetable fields due to the high RQ value of SDZ. Overall, the composts were relatively safe compared with the animal manures.
Conclusions
Residues of veterinary antibiotics in the animal manures and composts were ubiquitous as confirmed by the wide occurrence of the 17 antibiotics in the samples collected. Oxytetracycline residue levels were as high as 416.8 mg kg −1 in the chicken manure sample, the highest level ever reported for manure in China. Antibiotic contamination was more severe in the animal manures than in the composts in general, and pig manures exhibited the highest tetracycline residue among the four types of manures. In the case of the composts, the rice husk compost (RHC) exhibited the highest residue of fluoroquinolones; however, residue of antibiotics in the compost was associated with the sourced manures. In addition, the composting process probably had an important role on the antibiotic residue in the compost, which could be partially supported by the fact that the refined commercial compost contained the lowest residue level of the antibiotics in general. This implied that the reduction of antibiotic residue in the manures could be achieved by proper composting (such as under high temperature and ventilation condition). However, the higher persistence of fluoroquinolones in the compost deserves to be of concern in the future. High residue of antibiotics in the manures and composts could probably cause risks to the soil ecosystem after they were applied on the protected vegetable fields with a certain amount (such as 150 t ha −1 a −1 ). Therefore, it is necessary to limit the amount of organic fertilizer application based on the containing toxic chemicals in order to reduce the associated risks to ecosystems and human health.
